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Fig 2: MR A Synthetic Hybrid Control System Architecture 
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Fig 3: Dynamic Database Organization 
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Fig 4: Identifying MRA Locations With Sensors 
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Fig 5: Assessing Environmental Situation and 
Coordinating Change in MRA State 
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Fig 6: Metacomputing Model for Distributed MRS: 
Flexible Mobile Grid Architecture in Dynamic Clusters 
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Fig 7: Sharing Computation Resources Among MRA Nodes in 
Wireless Mobile MRS: Efficient Routing of Database and Analytical 

Functions 
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Fig 8: Database Coordination in Distributed MRS 



0810 




0880 



Sheet 8 of 100 



Fig 9: Dynamic Distributed Object Relational Database 

Data Flow Process 



0910 



Query 
Origination 



(^DB2^) 



0920 



0930 



Sensor data 
streams 



if 0940 



Data 
sources 




(^DB3^) (oB5^) 



0950 w 



0970 



Query 
executor 



(^DB2^) 



Buffers 



0980 



(dB3^) (^DB4) (^DB5^ 



0990 



Output 
Queues 



Sheet 9 of 100 



Fig 10: Temporal Objects in ORDbMS 
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Fig 11: Mobile Grid Dynamics 
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Fig 12: Autonomous Blackboards For MRAs 
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Fig 13: IMSA Operations Control of MRAs 
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Fig 14: MRA Juvenile and Adult Training Levels 
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Fig 15: MRA Attitude Biases 
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Fig 16: Learning From Environmental Interaction: Adaptation 
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Fig 17: MRA Training Process - "Experience" of Environmental 
Interaction Combined With Group Sensor Data 
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Fig 18: Reinforcement Learning: 
(A) Intensity of Sensor Data and (B) Quantity of Sensor Data 
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Fig 19: Hybrid Learning Model With Time Constraints 
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Fig 20: Social Learning: Learning From Inter-MRA Interaction 
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Fig 21: MR As That Teach Other MR As 
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Fig 23: Specialized Learning (in Teams): 
Division of Labor in Self-Organizing Groups 
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Fig 24: Auto Specialization: Self Organization by 
Task Division for Individual Specialization 
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Fig 25: Self Organizing Map 
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Fig 26: Flow Chart of Genetic Algorithm 
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Fig 27: Binary Genetic Algorithm Model 
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Fig 28: Tree Architecture 
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Fig 30: Two Layer Neural Network 
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Fig 31: Artificial Neural Network Connection Weights 
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Fig 32: Genetic Programming Calculates Initial Weights 
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Fig 33: Genetic Programming Applied to Indeterministic ANN 
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Fig 34: Neuroevolution - Evolutionary A-NN Connection 

and Node Additions 
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Fig 36: Evolutionary Search For Connection Weights in an ANN 
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Fig 37: Fuzzy Logic Module 
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Fig 38: Neuro Fuzzy Controller with 
Two Input Variables & Three Rules 
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Fig 39: Five Layer Evolving Fuzzy Neural Network 
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Fig 40: Adaptive Network Based Fuzzy Inference System 
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Fig 41 : Self Organizing Neural Fuzzy Inference Network Architecture 
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Fig 42: Dynamic Evolving Fuzzy Neural Network 
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Fig 43: Flexible Extensible Distributed ANN - 
Shared ANN Computation Between MRAs 
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Fig 44: IMSA Dynamics in MAS: MRA Interactions via IMSAs 
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Fig 45: IMSA Relations Between MRAs 
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Fig 46: Analytical Agents 
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Fig 47: Search Agents 
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Fig 49: IMSA Intercommunication 
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Fig 50: INA Architecture 
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Fig. 51: Pre-Negotiation 
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Fig. 52: INA Logistics 
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Fig. 53A: Negotiation in a Distributed System with Mobility 
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Fig. 53B: Negotiation in a Distributed System with Mobility 

(Continued) 
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Fig 54: Simultaneous Multi-lateral Negotiation Process 
with Multiple Variables 
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Fig. 56: Winner Determination in 



Competitive INA Framework 
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Fig 57: Argumentation Process 
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Fig 58: Anticipating Opposing INA Strategies 
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Fig 59: Identify Problems: Group Agrees To Narrow Focus 



5910 



Any MR A identifies 
problems 



5920 , r 

How to carry out a 
mission with other 
MR As 



5930 



No 



How to combine with 
other MR As for a 
common mission? 



5940 



No 



How to target an 
object with a group 
of MR As? 



5950 



No 



Other mission or 
goal based 
problems 



Yes 



Yes 



Yes 



Yes 



5960 



Group of MR As prioritize prob- 
lems by assigning values to 
each problem & ordering by 
rank in real time 



f 5970 

Potential solutions requested 
in order of ranking 



Sheet 60 of 100 



Fig 60: Develop Solution 
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Fig 61: Solution Option Selection Method 
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Fig 62: MRAs Select Best Available (not Optimum) Solution 
To Problem in Present Circumstance While Waiting 
For Most Recent Relevant Information 
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Fig 63: MRA Group Agreement 
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Fig 65: Applying Multivariate Analysis to Problem Solving 
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Fig 66: Applying Regression Analysis to Problem Solving 
of Conflicting MRAs for Winner Determination 
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Fig 67: Applying Pattern Analysis and Trend Analysis to 
Problem Solving of Conflicting MRAs for Winner Determination 
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Fig 68: Modeling MRS Activity with Simulations 
Situation Assessment 
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Fig 69: Synchronizing Simulations Within MRA Cluster 
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Fig 70: Contingency CA Scenario Option Simulations 
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Fig 72: Adaptive Geometric Set Theory Applied To MRS 
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Fig 73: Selecting Optimal Simulation- 
(Temporary) Convergence of Simulation Scenarios 
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Fig 74: Initiation of Aggregation Process - 
Sets of MRAs Forming From Larger Collective 
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Fig 75: Initiating Homogeneous MRA Group Formation 
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Fig 76: Initiating Common Heterogeneous MRA Group Formation 
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Fig 77: Initiating Complementary Heterogeneous 
(Specialized) MRA Group Formation 
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Fig 78: Demand Initiated Environmental Adaptation: Initial Phase 
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Fig 79: Continuous MRA Group Composition Reconfiguration 




Sheet 80 of 100 



Fig 80: Continuous Reconfiguration of Sub-networks 
(Scalable Capacity Increases and Decreases) 
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Fig 81 : Dynamic Group Behavior Adaptation 
to Environmental Interaction 
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Fig 82: Parallel Dynamic Traveling Salesman with 
Cooperating Autonomous Agents 
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Fig 83: Sacrificing (Altruistic) MRAs in Order to Acquire Sensor 
Information to Increase Chances of Overall Mission Success 
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Fig 84: General Dynamic Coalition Process 
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Fig 85: Group Coordination and Obstacle Avoidance 
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Fig 86: Specialization: Specific MRA Functionality 
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Fig 87: Specialized MR As Working As A Team 
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Fig 88: Multi-functional MRAs in Self Organizing Process 
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Fig 89: Surveillance & Reconnaissance - Mobile Object 
Sensed & Tracked By Multiple Micro-MRAs 
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Fig 90: Remote Exploration: Initial Tracking of Multiple Objects 

With Multiple Micro-MRAs 
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Fig 91: Sentry Action - Limited Perimeters - Defending Multiple 

Objects With Multiple MRAs 
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Fig 92: Cinematography - One Mobile Object (or Cluster of Mobile 
Objects) Sensed and Tracked with MRAs 
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Fig 93: Toxic Site Cleanup - Static Cleanup 
Within Land Perimeters by Multiple MRAs 
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Fig 94: Oil Spill: Dynamic Cleanup Within Limited 
Hydro Perimeters by Multiple MR As 
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Fig 95: Fir Fighting - Dynamic Interaction 
With Complex Environment by Multiple MR As 




Fig 96: Manufacturing Production: 
Object Creation Using Multiple MR As 
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Fig 97: Assembly: Combining Parts To Create 
Whole Object Using Multiple MRAs 
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Fig 98: Building Roads: Road Creation Using Multiple MRAs 
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Fig 99: Surgical Micro MR As for Trauma Intervention & Stabilization 
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